Spiroplasma strain M55, isolated from a fall flower in Maryland, showed patterns of partial serological cross-reactivity with the other seven group I spiroplasma subgroups but was not serologically related to other spiroplasma groups. Strain M55 had less than 70% DNA-DNA homology with group I subgroups previously assigned binomial names and was unique among the group I subgroups in possessing a higher guanine-pluscytosine content in its DNA (28 f 1 mol%, versus 26 f 1 mol% for other group I subgroups). The genome size was 1,850 kb (1,233 MDa). Extensive data on the metabolism of strain M55 and the community ecology of this and similar strains have been reported. These circumstances fulfill criteria proposed by the Subcommittee on the Taxonomy of Mollicutes for elevation of mollicute subgroups to species status. Accordingly, strain M55 was characterized according to proposed minimal standards for species descriptions. Cells of strain M55 were shown by light microscopy to be helical, motile filaments. Electron microscopy showed that the cells possessed no cell wall and were bounded by a single membrane; they were insensitive to penicillin (1,000 U/ml). Strain M55 was culturable in M1D and SP-4 liquid media under aerobic (with or without enhanced carbon dioxide) or anaerobic environments. Optimal growth occurred at 30°C, with a doubling time of 7.2 h. Growth occurred from 15 to 37°C but not at 10 or 42°C. Strain M55 did not utilize urea or hydrolyze arginine but did produce acid from glucose. As a consequence of these studies, strain M55 is designated the type strain (M55T; ATCC 33502T) of a new species, Spirophma insoliturn.
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Spiroplasmas of group I (l), many of which are intricately iintegrated into the life cycles of plants and insects, have ]proved to be of great interest to both basic and practical iresearch. Three members of this group, spiroplasma subgroups 1-1 (Spiroplasma citri [27] ), 1-3 (S. kunkelii [39] ), and 1-8 (S. phoeniceum [28] ) account for all known plant-pathogenic spiroplasmas, and a fourth, the subgroup 1-5 spiro-]plasma (24), is associated with plant-sucking insects in 'Taiwan. Further, investigations into a vascular plant disease lled to the discovery of the subgroup 1-7 spiroplasma in ,Jamaica (11) ; the exact habitat of this spiroplasma has yet to lbe elucidated. The subgroup 1-2 spiroplasma (S. melliferum I [lO] ) is associated with bees, for which it is pathogenic (7) . Another spiroplasma, the subgroup 1-4 spiroplasma ( 2 9 , was ostensibly isolated from the rabbit tick Haemaphysalis leporispalustris in Montana. However, because this spiro-]plasma was isolated only once, its true habitat must be considered uncertain.
Against this backdrop, the subgroup 1-6 spiroplasmas, which appear to exist in a more ecologically simple, plant surfaceinsect gut cycle (8) (type A of Clark [9] ), are unusual. This spiroplasma has been found to be widely distributed on fall flowers in old fields in Maryland and in a large number of the insect species that visit such flowers. Hackett et al. (18) , iin a detailed study of the community ecology of this spiro-]plasma, concluded that various types of carriage must occur, iincluding transient passive carriage as well as lateral (al-1:hough perhaps local) dissemination to, presumably, at least one insect species that may serve as the overwintering * Corresponding author. reservoir and that initiates the annual cycle in the spring or summer. In the course of routine characterization of group I spiroplasma subgroups, it was discovered (5) that the guanine-plus-cytosine (G+C) content of the subgroup 1-6 spiroplasma was significantly higher than those of other members of the group (28 f 1 mol% for subgroup 1-6 versus 26 2 1 mol% for the other members of the group). This genomic characteristic, together with its ecological characteristics (a broad host range and widespread association with fall flowers), made this subgroup anomalous within the group I spiroplasmas.
Although, in general, it may not be feasible to designate specific names for mollicutes that form arrays of strains with different degrees of genomic relatedness, the International Committee for Systematic Bacteriology Subcommittee on the Taxonomy of Mollicutes discussed specific cases in which elevation of subgroups to species would be appropriate (21, 38) . Four criteria appeared to be important. These criteria were as follows: (i) the importance of the organism to basic or applied research should justify the existence of a specific binomial; (ii) the organism should have no more than 70% homology with other named species; (iii) the organism should be shown to be a representative of a cluster of organisms that have similar properties and that can be clearly identified and separated from other related organisms; and (iv) the ecology of the organism should be sufficiently defined. It was agreed that if these criteria were met, representative strains could be appropriate candidates for examination by the proposed criteria for species descriptions for members of the class Mollicutes. In this article, we report the results of taxonomic studies of strain M55 undertaken to satisfy these proposed requirements. Our results support (41) . Some of the genomic and serologic features of the strain have been reported elsewhere (34) . A number of other strains and isolates were obtained from fall flowers (e.g., strains M52 from Eupatorium hypossifolium and M58 from Oenothera biennis [41] and isolates JPWlO from E. maculatum and SOL12 from a Solidago sp. Strains, including the proposed type strain M55, were purified by conventional filtration-cloning techniques (30); some isolates were examined serologically without cloning. Representative strains of recognized groups and subgroups (16, 33, 43) were used as reference strains.
Culture media and cultivation techniques. Primary isolation of strain M55 was accomplished (41) in M1D (37) broth cultures maintained at 30°C. After several passages, the isolate was triply cloned and designated a strain; this was then passaged and lyophilized. For characterization, the lyophils were resuscitated in MID broth and passaged. Other culture media used included SP-4 (35) and SM-1 (37) broths, the Edward formulation of conventional mycoplasma medium (HSI) containing 20% horse serum (12, 37) , and serum fraction broth with 1% bovine serum fraction (32) . Solid formulations were prepared by adding Noble agar (Difco Laboratories, Detroit, Mich.) to a final concentration of 0.8 to 2.25% in the liquid media. Cultures on solid media were incubated at 30°C either aerobically (with or without supplemental carbon dioxide [5% CO,; Carbon Dioxide GasPak system; BBL Microbiology Systems, Cockeysville, Md.]) or anaerobically (4 to 7% CO,, 25 to 35% H,, <1% 0,; (BBL Anaerobic GasPak system). The cultures were tested for insensitivity to penicillin G by passage in M1D broth with 1,000 U of penicillin G per ml.
Temperature requirements for growth (23) were assessed by inoculating strain CN-5 into M1D broth. The inoculated cultures were incubated at 5, 10, 15, 20, 25, 30, 32, 37, or 42°C. Growth was assessed by observing medium indicator change and by microscopic examination of the cultures. Doubling times at each temperature were determined by fitting temperature-time curves to a logistic growth equation
Morphological studies. Filtration of strain M55 through pores of different sizes (450, 300, 220, and 100 nm) was determined by methods described previously (30) . Cells of (23) Tests of biological and biochemical properties. Substrate utilization was determined by amending conventional mycoplasma broth medium containing serum fraction with urea, arginine, or glucose (10); growth was assayed by determination of color-changing units per milliliter. Hemadsorption (adsorption of erythrocytes to spiroplasma colonies) (14) and film (cholesterol and phospholipid positive) and spot (inorganic precipitates formed) reactions on solid media (13) were assessed.
Serological tests. Strain M55 was assayed serologically in M1D or SP-4 medium by three standard techniques: disk growth inhibition (40) , spiroplasma deformation (44) , and metabolism inhibition (42) . Specific antiserum was obtained from rabbits hyperimmunized with antigen from strain M55 (44) . Antisera to established Spiroplasma species and groups from reference collections at the Agricultural Research Center in Beltsville, Md., and the National Institute of Allergy and Infectious .Diseases laboratory in Frederick, Md., were used for serological comparisons (16, 33) .
Genomic analysis. The methods used for extraction and purification of genomic DNA from spiroplasmas have been described elsewhere (3) . Independent estimates of the G+C content of purified DNA of strain M55 and seven other related strains and isolates were obtained by buoyant-density, melting point temperature, and high-performance liquid chromatography techniques (2, 4, 22) . The genome size was determined by pulsed-field gel electrophoresis as described by Grau et al. (15) . (31) .
RESULTS AND DISCUSSION
Cultural and morphological properties. Strain M55 grew well in liquid SM-1, MID, and SP-4 media, forming diffuse colonies (Fig. 1) on solid SP-4 medium with a 0.8 or 2.25% agar concentration. In these colonies, small central zones were surrounded by even smaller satellite colonies (Fig. 1) . "Fried-egg" colonies were never observed. On horse serum agar plates containing 0.8% agar, colony growth was best when the strain was incubated aerobically. Strain M55 did not produce the film and spot reaction and did not hemadsorb guinea pig erythrocytes. The strain grew in the Edward formulation; bovine serum fraction broth did not support continued growth. Strain M55 grew from 15 to 37°C; the doubling times were 19.3 h at 20"C, 9.0 h at 25"C, 7.2 h at 30"C, 7.6 h at 32"C, and 42.3 h at 37°C. No growth occurred at 10 or 42°C. The optimum growth temperature was therefore 30°C.
Dark-field microscopy of logarithmic-phase cultures of strain M55 showed numerous long helical, flexing, and translationally motile filaments, usually with eight or more turns. Electron microscopy ( Fig. 2) showed cells with no evidence of cell wall or periplasmic fibrils. Cells were delimited by a single cytoplasmic membrane. They were filterable (with a 2-log-unit loss of titer) through 220-but not 1100-nm membranes. Physiological properties. Urea was not utilized. Although strain M55 was reported to be an arginine metabolizer (33), we detected no such activity. Strain M55 did ferment glucose with production of acid. Acidification of media was, however, extremely modest, with the final pH of liquid medium cultures rarely falling below 5.9.
Strain M55 did not grow in SP-4 base broth alone; it did grow in basal medium supplemented with 5 to 20% fetal bovine serum (Table 1) . These responses are typical of organisms that are cholesterol dependent.
Serologic studies. Growth inhibition, metabolism inhibition, and spiroplasma deformation tests, as reported previously (16, 33) , demonstrated that strain M55 was serologically unrelated to other spiroplasma groups. Reciprocal deformation and metabolism inhibition tests indicated (16, 33) that this subgroup, like the other group I subgroups, had complex patterns of interrelatedness with other subgroups.
Genomic studies. The genome size as determined by PFGE was 1,850 kb (1,233 MDa). Previously published data (22) indicate that subgroup 1-6 spiroplasmas have no more than :TO% homology with other named group I subgroups.
The G+C base compositions ( Table 2 ) of the DNA of strain M55 determined by buoyant-density, melting temperature, and high-performance liquid chromatography techniques were 28.2, 28.9, and 27.7 mol%, respectively. For other strains related to M55, the average was 28.1 to 28.2 mol%.
Phylogenetic reconstructions now emerging (36) suggest that G + C composition is not particularly conserved and may be subject to pressures that change as prokaryotes move from one habitat to another. It would be of great interest to have a detailed phylogeny of group I strains in order to deduce the position of subgroup 1-6 with respect to the other subgroups. It is interesting that all group I organisms belong (36) to a cluster of slowly growing spiroplasmas that have narrow temperature tolerances (23).
Habitat. Strain M55 and numerous other strains have been isolated from fall flowers in Maryland. Similar strains have been isolated from insects attending the flowers, which must serve as major reservoirs for transmission of spiroplasmas among insects (18) . Although these studies focused to a large extent on a diverse assemblage of summering hosts, recent evidence (19) suggests that elaterid beetles, e.g., Conoderus lividus or Melanotus communis, may be winter reservoirs. Whatever the details of reservoir maintenance are, this spiroplasma's ability to survive on flower surfaces and its ability to be transmitted among many insects visiting these flowers are salient features of the organism's life history (17) . Butterflies collected from flowers with the highest levels of spiroplasma occurrence tended to have the highest infection frequencies. Although a cause-and-effect relationship cannot be proved by such evidence, the importance of nectar as a medium for the dissemination of spiroplasmas among insects is strongly suggested. Although no unusual pathways were discovered in extensive studies (26) of the metabolism of strain M55, physiological factors such as tolerance to p H extremes may be involved in host specificity. For example, this spiroplasma does not grow well below pH 5.9 or above pH 9.1 (17); beetles with gut pHs outside this range may be unsuitable as hosts.
Overall, elaterid beetles or other insects, as potential overwintering hosts, may be important in defining the distri- bution of this spiroplasma, but the presence of (physiologically acceptable) flower-visiting insects may be critical in defining its abundance. The appearance of this spiroplasma on the surfaces of fall flowers may be a consequence of elaterid beetle visitation to these flowers combined with dissemination, by transient gut infections, among the large number of suitable insects visiting these flowers.
The butterfly and nectar association of this spiroplasma may even be important on a global scale. The subgroup 1-6 spiroplasma is of considerable interest because of its isolation from the monarch butterfly, D. plaippus (17). This butterfly migrates long distances in North America and sometimes reaches Europe, thereby providing a potential avenue for spiroplasma dissemination. In any event, ecological studies have made strain M55 and its allies model spiroplasmas for the study of community interactions between mollicutes, insects, and plant surfaces. This ecological importance, together with an extensive study of the organism's metabolic pathways and interest in the factors responsible for determining DNA base composition, provides a strong rationale for giving a binomial name to these organisms. The isolation of many strains with similar (highly homologous) serological patterns and species-level differences in genomic homology with other group I spiroplasmas also argue for status as a separate species.
The properties of strain M55 described herein fulfill proposed criteria (20) for species of the class Mollicutes. Properties mandating assignment to this class include absence of a cell wall, filterability, lack of reversion to walled bacteria when grown in antibiotic-free media, and penicillin resistance. The requirement of strain M55 for sterol, its inability to utilize urea, and its helicity and motility place this strain in the family Spiroplasmataceae (29) and the genus Spiroplasma. Suggested criteria proposed by the Subcommittee on the Taxonomy of Mollicutes for elevation of spiroplasma subgroups to species (20, 41) have been fulfilled herein. Accordingly, we propose the designation Spiroplasma insolitum for this organism. The taxonomic description below summarizes the properties of the organism.
Spiroplasma insoliturn sp. nov. Spiroplasma insoliturn (in. so-li'tum. L. adj. insolitus, unusual or uncommon; insoliturn to denote unusual base composition) cells in logarithmic phase are long, motile, helical filaments that lack true cell walls. Filterable through 220-nm membranes. Form diffuse colonies on solid medium with 0.8% Noble agar, without fried-egg morphology.
Chemoorganotroph. Acid produced from glucose. Does not utilize urea or catabolize arginine.
Film and spot reaction negative. Does not hemadsorb guinea pig erythrocytes.
Sterol requirement met by serum. Temperature range, 15 to 37°C; doubling time at 30°C optimum is 7.2 h.
Serologically distinct from other Spiroplasma groups but cross-reacts in complex patterns of relatedness with group I subgroups.
Isolated in 1981 from a fall flower (Compositae: Bidens sp.) collected in Maryland. Similar isolates found in the
